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1.0  INTRODUCTION 


l.l  Motivation  and  Method 

Results  of  a CONUS-scale  surveillance  coverage  study  are  presented.  The 
study  was  motivated  by  a need  to  better  understand  the  trade-offs  behind  such 
questions  as  these: 

- Will  a network  of  DABS  beacon  sensors  located  at  present  and  proposed 
ASR  and  ARSR  sites  provide  surveillance  and  communication  coverage 

of  all  major  airlanes  within  CONUS?  - if  so,  down  to  what  altitude? 

- Are  DABS  sensors  at  every  ASR  and  ARSR  site  planned  really  necessary?; 
what  fraction  might  be  eliminated? 

- What  free  space  maximum  range  must  DABS  provide? 

- Will  ARSR  long  range  sensors  be  essential  should  surveillance  data  from 
ASR  type  radars  eventually  become  available  to  other  facilities  via  a 
network? 

Coverage  patterns  were  calculated  for  sensors  located  at  each  of  the  146  ASR 
sites  and  94  ARSR  sites  existing  in  1974  and  those  117  ASR  sites  and  21  ARSR 

•k 

sites  being  proposed  at  that  time  . These  were  superimposed  to  form  composite, 
national-scale,  coverage  maps.  All  coverage  calculations  were  made  by  the 
DOD  Electromagnetic  Compatibility  Analysis  Center  (ECAC) , based  upon  computer 
stored  representations  of  the  topography  surrounding  each  site.  Topography 


* 

Proposed 


sites  identified  by  ECAC. 
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data  were  provided  by  ECAC  and  sensor  characteristics  and  specific  altitudes 
of  interest  by  Lincoln  Laboratory.  Analysis  of  the  resulting  composite  coverage 
maps  was  performed  at  Lincoln  Laboratory. 

Coverage  for  a given  sensor  was  defined  simply  as  the  region  of  space 
that  could  be  seen  without  terrain  obstruction  up  to  some  maximum  range. 

Coverage  at  a given  altitude  represents  a horizontal  slice  through  this 
coverage  volume.  Coverage,  thus  obtained,  is  usually  circular  in  shape  with 
circumferential  scalloping  in  the  direction  of  interferring  terrain.  Con- 
stant altitude  above  mean  sea  level  (MSL) , rather  than  above  sensor  or  ground 
level,  was  used  since  aircraft  generally  fly  at  a specified  "above  MSL 

altitude"  based  upon  a pressure  altimeter. 

* 

The  method  employed  by  ECAC  to  calculate  sensor  coverage  for  given 
maximum  range  cut-off,  and  given  altitude  takes  into  account  terrain  features, 
but  does  not  take  into  account  the  effects  of  obstructions  such  as  buildings 
or  other  man-made  objects  visible  along  the  horizon.  In  some  locations,  e.g., 
the  Boston  ASR  site,  airport  and  skyline  obstructions  reduce  coverage  much 
more  than  the  hills  of  the  surrounding  terrain.  Thus  it  was  necessary  to 
partially  take  the  effects  of  obstructions  along  the  horizon  into  account  by 
arbitrarily  setting  the  sensor  elevation  coverage  lower  limit  to  a small 
angle  above  the  horizontal  (i.e.,  by  setting  the  sensor  elevation  cut-off 
angle  at  1/4  degree).  Refractivity  due  to  the  earth's  atmosphere  was 
handled  by  assuming  an  earth  of  radius  1/3  greater  than  actual. 


* 


See  References  [2],  [3]  and  [4]. 
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It  is  important  to  rocognize  the  limitations  of  this  model. 


First , 


Section  2 shows  that  the  terrain  model  used  is  not  applicable  to  a low  altitude 
coverage  study;  i.e.,  MSL  altitude  where  some  terrain  features  are  above  the 
altitude  being  considered.  Secondly,  for  many  sensor  locations,  buildings 
have  a far  greater  affect  upon  coverage  than  does  topography.  This  is  more  of 
a problem  for  the  ASRs  located  on  the  airport  surface  than  the  ARSRs.  An 
example  of  this  is  the  Boston  ASR  where  building  obstructions  far  exceed 
that  due  to  terrain  or  the  1/4°  cut-off  angle;  see  Section  3. 

The  assumed  model,  along  with  a sensor  maximum  range  cut-off,  resulted 
in  most  coverage  patterns  at  high  altitudes  being  circles.  In  retrospect, 
a model  which  simply  draws  circles  of  coverage  around  each  site  where  the 
radius  of  the  circle  depends  upon  the  sensor  altitude,  and  maximum  range 
would  have  been  nearly  as  good  for  this  study. 

1.2  Composite  Coverage  Summarized 

Percent  coverage  statistics  have  been  computed  for  the  Golden  Triangle 
(Boston  - Chicage  - Atlanta),  the  Eastern  United  States,  and  the  entire  CONUS 
(see  Fig.  1.1).  By  percent  coverage  is  meant  the  percent  of  a geographic  area 
at  a given  MSL  altitude  that  can  be  seen  by  at  least  one  sensor.  The  Golden 
Triangle  was  considered  separately  due  to  the  high  traffic  volume.  The 
Eastern  United  States,  including  the  Golden  Triangle,  was  considered  only  for 
5000  ft.  and  10,000  ft.  MSL  altitudes.  CONUS,  including  the  Eastern  United 
States,  was  considered  only  for  altitudes  of  10,000  ft.  MSL  and  above.  Lower 
altitudes  were  not  considered  for  CONUS  since  much  of  the  ground  in  the  Western 
United  States  is  between  5,000  and  10,000  ft.  MSL. 
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Percent  coverage  predicted  by  these  models  are  summarized  in  Figs.  1.2 
through  1.5  for  various  sensor  deployments  and  geographic  regions.  Figs.  1.2 


and  1.3  describe  ASR  and  ARSR  coverage  separately  and  combined.  The  left 
hand  side  of  Fig.  1.3,  below  10,000  ft.,  summarizes  only  the  Eastern  United 
States;  the  right  hand  side  above  10,000  ft.  summarizes  the  entire  CONUS. 

This  accounts  for  the  coverage  discontinuity  at  10,000  ft.  Figs.  1.4  and  1.5 
repeat  the  study  combining  the  present  and  proposed  sensors. 

Sensor  maximum  ranges  (R  ) of  60,  100  and  150  nmi  are  also  considered  i 

max  j 

in  Figs.  1.2  and  1.5.  Due  to  earth  curvature  and  the  sensor  model  no  addi- 
tional coverage  would  be  provided  at  10,000  ft.  for  R greater  than  105  nmi. 

max 

A concept  under  consideration  includes  the  netting  of  all  DABS  sensors 
within  a given  region.  This  will  tend  to  remove  the  distinction  between  ASRs 
and  ARSRs  since  enroute  centers  may  very  well  receive  surveillance  data  from 
a network  of  ASR  sites.  For  good  low  altitude  coverage,  a sensor  on  or 
near  the  airport  would  be  required  at  many  airports.  Fig.  1.2  shows  that 
excellent  coverage  of  the  Golden  Triangle  is  supplied  by  the  ASRs  and  that 
little  additional  coverage  is  gained  by  including  the  ARSRs.  Therefore  in 
this  region  the  ARSRs  would  not  be  needed  in  a netted  DABS  deployment.  In 
addition,  due  to  the  large  number  of  sensors  in  this  region,  increasing 
the  sensor  maximum  range  to  100  nmi  instead  of  60  nmi  yields  only  a small 
increase  in  coverage.  The  increased  range  may  be  desirable  to  provide  back- 
up coverage  in  case  of  sensor  outage. 

Fig.  1.3  also  shows  that  in  the  Eastern  United  States,  the  ARSRs  would 
provide  little  additional  coverage  over  what  would  already  be  provided  by 
the  ASRs,  and  thus  many  of  the  ASRS's  would  not  be  needed  in  a netted 
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% Coverage  ^ Coverage 


1 ATC-75(1.2) 

100  nmi'X 

100  , 

100  nmi 


(a)  ASR 


(b)  ARSR 


Altitude  Above  MSL 
(thousands  of  feet) 


Altitude  Above  MSL 
(thousands  of  feet) 


100  nml 


(c)  ASR  plus  ARSRI 


Altitude  Above  MSL 
(thousands  of  feet) 

Fig. 1.2.  Percent  coverage  in  Golden  Triangle 
(Boston-Chlcago-Atlanta)  - existing  sensors. 
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Altitude  Above  Mean 


lOOr 


Altitude  Above  Mean 


Fig. 1.3.  Percent  coverage  in  Eas 
existing  sensors. 
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% Coverage 


% Coverage  % Coverage 


deployment  of  sensors.  However,  in  this  region,  increasing  the  maximum  range 
to  100  nmi  has  a significant  effect  on  coverage. 

Fig.  1.3  also  considers  altitudes  of  10,000  ft.  and  above  over  COHUS. 

It  shows  that  in  the  West  many  of  the  existing  ARSRs  will  be  needed  to  fill 
in  the  gaps  between  the  ASRs.  The  missing  regions  can  be  filled  in  with  a small 
number  of  new  sensors. 

Figs.  1«‘4  and  1.5  show  the  percent  coverage  where  the  117  proposed 
ASRs  have  been  added  to  the  existing  ASR's  and  the  21  proposed  ARSRs  have 
been  added  to  the  existing  ARSRs.  A comparison  between  Figs.  1.2  and  1.4 
for  the  Golden  Triangle  shows  that  little  increase  is  gained  with  the  proposed 
ASRs  added;  coverage  above  5000  feet  was  already  good.  The  extra  ARSRs  do 
help.  On  a CONUS  basis,  a comparison  between  Figs.  1.3  and  1.5  shows  that 
the  extra  sensors  help. 

Results  presented  here  should  be  viewed  as  a rough  approximation  to 
coverage  on  a national  scale.  Sensor  location  selection  requires  detailed 
on-site  analysis  and  should  not  be  made  solely  on  the  basis  of  terrain  models. 

1.3  Conclusions 

Broad  conclusions  which  follow  from  the  study  are: 

(1)  In  the  Eastern  United  States  and  especially  the  Golden  Triangle, 

DABS  sensors  at  the  ASR  sites  would  provide  good  surveillance  data 
for  both  terminal  and  en-route  Air  Traffic  Control  with  netting. 
Sensors  at  most  ARSR  sites  will  not  be  needed. 

(2)  In  the  Western  United  States,  sensors  at  many  of  tlie  ARSR  sites 
will  be  needed. 


n 
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I 

(3)  Buildings  can  be  a far  greater  limiting  factor  on  coverage  than  '■ 

terra  in . 

(4)  The  model  used  here  is  not  valid  for  a low  altitude  coverage  study 
and  is  only  slightly  better  than  a smooth  4/3  earth  model  at  high 
altitudes. 

(5)  Selection  of  a particular  site  for  sensor  installation  requires 
detailed  on-site  analysis  and  should  not  be  made  solely  on  the  basis 
of  terrain  models. 


2 . 0 coverage  maps 


Graphical  coverage  data  has  been  supplied  by  ECAC  in  the  form  of:  (1) 
Composite  Coverage  Maps  at  specific  altitudes  above  MSI.,  and  (2)  Route  Cover- 
age Plots  of  minimum  coverage  altitude  along  specific  routes.  Route  coverage 
plots  represent  vertical  slices  through  the  coverage  volume,  whereas  composite 
coverage  maps  are  essentially  horizontal  cuts  at  fixed  altitudes.  These 
graphical  results  are  based  upon  quantized  topographic  data  (ignoring  buildings*) 
for  a grid  spacing  of  30  sec  latitude  x 30  sec  longitude  (roughly  1/2  mile  x 
1/2  mile).  A four  point  linear  interpolation  estimates  terrain  altitudes 
between  grid  points.  Atmospheric  refractivlty  is  modeled  by  assuming  an  effec- 
tive earth's  radius  which  is  4/3  the  actual  earth  radius  This  allows 

radio  waves  to  be  drawn  as  straight  lines  over  a 4/3  radius  earth. 

2.1  Composite  Coverage  Maps 

Line  of  sight  coverage  is  illustrated  in  Figure  2.1. a.  The  unshaded 
region  represents  the  covered  volume  for  the  region  in  wliich  the  DABS  sensor 
can  detect  aircraft.  The  Target  Acquisition  Model  (TAM)  coverage 

approximation  used  by  ECAC  for  this  study  is  Illustrated  in  Figure  2.1.b. 

Coverage  is  assumed  to  be  provided  for  all  altitudes  (even  altitudes  below 
ground  level)  between  the  sensor  and  the  terrain  feature  subtending  the 
greatest  angle  to  the  sensor.  The  results  are  thus  not  applicable  for  a 
detailed  low  altitude  coverage  study.  For  example,  a nearby  airport  in  the 
valley  between  the  two  peaks  in  Figure  2.1a  would  not  he  well  covered  but  the 
TAM  model  would  indicate  that  it  is. 

* 

See  Section  3 for  the  effect  buildings  liave  upon  coverage  provided  by  the 
Boston  ASR. 
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For  results  presented  here,  a simple  model  was  adopted  in  which  the 


sensor  antenna  characteristics  and  nearby  buildings  limit  the  coverage  to 

o * 

elevation  angles  in  excess  of  1/4  above  the  horizontal  . If  3>  the  elevation 
angle  of  the  terrain  feature  limiting  the  horizon,  is  less  tlian  1/4°  then 
coverage  is  as  illustrated  in  Figure  2.2.  If  3 > 1/4°  tlien  Figure  2.1b  is 
applicable . 

The  ASRs  and  ARSRs  existing  in  1974  and  the  proposed  ASRs  and  ARSRs  are 
listed  in  Tables  A.1-A.4  and  located  on  a map  of  the  U.S.  in  Figs.  A.1-A.4. 

Each  of  these  four  groups  of  sensors  are  considered  separately  in  the  composite 
coverage  maps  in  Figs.  A5-A40.  Each  coverage  map  is  for  a constant  altitude 
above  sea  level;  altitudes  3000,  5000,  10000,  15000,  and  20000  feet  have  been 
considered.  Maximum  sensor  ranges  of  60,  100,  150,  and  200  have  also  been 
considered.  To  permit  quick  retrieval  of  the  desired  map,  the  figure  numbers 
and  corresponding  parameters  are  listed  in  Table  A. 5.  Summary  coverage 
statistics  appear  in  Figs.  1.2-1. 5 of  Section  1. 

Figure  2.3  depicts  the  lowest  altitude  above  sensor  level  (or  above 
sea  level  for  a sensor  at  sea  level),  as  a function  of  range,  that  a sensor 
can  cover  for  a smooth  4/3  earth  model  under  the  above  assumptions.  For  a 
given  MSL  altitude,  the  coverage  ranges  in  Figs.  A5-A40  (which  include  terrain 
blockage  and  sensors  above  sea  level)  will  always  be  less  than  depicted  in 
Fig.  2.3. 

■k 

A better  choice  for  the  ARSRs  might  liave  been  a cut-off  angle  on  the  order  of 
-1/4  since  ARSRs  are  usually  well  sited  - frequently  on  top  of  a hill  or 
mountain  with  few  buildings  around  them. 
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2.  Modified  TAM  coverage  with  1/4'’  cvitoff  angle. 
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Fig. 2, 3.  Minimum  coverage  altitude  above  sensor  level  for  a 
smooth  4/3  earth  model  and  1/4°  elevation  cutoff  angle. 
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Sensor  height  used  was  the  present  ASR  or  ARSR  height  above  ground  level 
(from  the  ECAC  data  file).  For  the  proposed  ASR  locations,  the  sensor  height 
used  was  50  ft;  50  , 80,  or  100  ft.  was  used  as  the  sensor  height  for  the 
proposed  ARSRs.  Changes  in  sensor  height  may  be  expected  to  have  a signifi- 
cant effect  upon  coverage. 

2.2  Route  Coverage  Plots 

Route  coverage  plots  partially  determine:  (1)  the  minimum  MSL  altitude  at 
which  continuous  coverage  is  provided,  and  (2)  how  extensive  are  the  regions  of 
airspace  visible  from  multiple  sensors. 

Fig.  2.4  is  a "route  coverage  plot"  depicting  present-day  coverage 
on  a route  from  Boston  to  Washington,  D.C.  which  passes  very  near  to  New  York, 
Philadelphia,  and  Baltimore  at  intermediate  points.  In  a route  coverage 
plot,  attention  is  limited  to  a one-dimensional  ground  track,  which  together 
with  altitude  constitutes  a vertical  slice  through  airspace.  An  aircraft  is 
assumed  to  be  covered  if  it  falls  in  the  unshaded  region  of  Fig.  2.1. a. 

The  term  "route  coverage  plot"  should  not  be  taken  to  imply  that  only  en  route 
coverage  is  of  interest,  for  in  fact  terminal  coverage  was  of  no  less  Interest 
in  this  Investigation.  The  limitation  to  a single  ground  track  in  any  one 
plot  is  only  a means  of  limiting  attention  to  two  dimensions  for  plotting 
purposes . 

The  sensors  in  question  are  the  1974  ASR  sensors  without  any  range 
limitation.  A map  showing  the  route  and  the  sensors  is  given  in  Fig.  2.3. 

Fig.  2.6  gives  cumulative  coverage  distributions,  derived  from 
Figure  2.4.  At  least  single  coverage  is  provided  at  all  points  above  1300  ft. 
(above  MSL),  and  at  least  triple  coverage  is  provided  at  all  points  above 
3700  ft.  (above  MSL). 

Route  coverage  plots  provide  a good  means  for  diplct ing  the  results  of 
this  analysis  technique  for  the  heavily  used  routes. 
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3.1  Effect  of  Near-In  Buildings 

To  assess  the  effect  of  not  including  man-made  obstructions  in  the  ECAC 
terrain  models,  the  horizon  elevation  angle,  as  measured  with  a transit,  and 
the  radio  horizon  angle  as  computed  using  the  ECAC  terrain  models,  have  been 
compared  for  a sensor  at  ground  level  (transit  and  hypothetical  sensor  both 
placed  63  feet  west  of  the  present  Boston  ASR  location) . These  results  are 
illustrated  in  Fig.  3.1.  Note  that  over  much  of  the  horizon  there  is  little 
resemblance  between  measured  and  computed  results.  Much  of  tiiis  difference 
is  obviously  due  to  the  close  proximity  of  the  buildings  in  downtown  Boston, 
bridges,  buildings  at  the  airport,  and  trees. 

Attempts  were  made  to  improve  upon  the  ECAC  model  by  more  realistically 
accounting  for  the  buildings.  These  methods,  tried  on  the  Boston  ASR  coverage 
calculations,  met  with  limited  success*  and  are  discussed  below. 

The  effect  of  buildings  at  short  range  on  the  horizon  angle  is  depicted 
in  Fig.  3.2.  As  expected,  small  buildings  close  to  the  sensor  have  a signifi- 
cant effect  upon  the  horizon  angle.  The  ECAC  model  of  the  terrain  surrounding 
the  Boston  ASR  is  characterized  by  short  ranges  to  the  terrain  features 
limiting  the  line-of-sight  (see  Figure  3.3).  This  is  reasonable  since  there 
are  few  tall  hills  at  long  range.  Small  buildings  at  short  range  would  thus 
be  expected  to  have  a significant  effect  upon  the  horizon  angle. 

To  test  the  sensitivity  of  the  ECAC  model  to  close-in  small  buildings,  the 
radio  horizon  angle  was  recomputed  with  two  changes:  (1)  all  terrain  greater 


They  were  not  used  in  the  CONUS  coverage  projections  presented  in  Section  1, 
and  2. 
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Horizon  angle  (degrees) 


Fig. 3.1.  Horizon  angles  from  ECAC  model  compared  to  optical  measurements 
for  a point  63  ft.  west  of  Boston  ASR  at  ground  level. 
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than  4 nmi  from  the  sensor  was  raised  50  feet  when  computing  the  radio  horizon 
angle,  and  (2)  if  the  terrain  feature  limiting  the  radio  horizon  angle  was 
less  than  4 nmi  from  the  sensor  (with  the  assumption  in  (1)),  then  50  feet 
were  added  to  the  height  of  this  terrain  feature  in  computing  the  radio  hori- 
zon angle.  These  ECAC  model  results  are  compared  to  the  measured  data  in 
Fig.  3.4.  Note  that  there  is  better  but  still  not  good  agreement. 

3.2  Terrain  Sampling  Granularity 

Finally,  the  method  used  to  compute  terrain  height  was  considered  as  a 
possible  source  of  error.  As  illustrated  in  Fig.  3.5,  the  ECAC  terrain  model 
takes  points  on  a 30  sec  x 30  sec  grid,  and  a 4 point  linear  interpolation 
is  used  to  estimate  terrain  height  between  grid  points.  Thus,  as  illustrated 
in  Fig.  3.5,  the  estimated  and  actual  terrain  height  for  Point  A can  differ 
significantly.  To  determine  the  significance  of  this  difference,  the  radio 
horizon  angle  was  recalculated  using  the  maximum  of  4 points  to  estimate  the 
terrain  (i.e..  Point  A in  Fig.  3.5  was  taken  to  be  700  ft.  instead  of  575  ft.). 
These  results  are  compared  in  Fig.  3.6.  Note  that  the  differences  are  small, 
and  thus  it  may  be  concluded  that  the  linear  4 point  interpolat ion  was  a good 
technique  considering  the  close  spacing  of  grid  points.  This  method  should 


also  be  checked  in  mountainous  terrain. 
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• 4 point  linear  interpolation 
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3.5.  Interpolation  of  grid  points  for  hypothetical  terrain 
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APPENDIX  A 


SITE  DATA  AND  COVERAGE  MAPS 


A-1 


Table  A.l. 


ASR  I.iai.  mg.  - 1974 


Location  (Lac,  Long,  GrounT  Level  (ft.  MSL) , 
Sensor  Ilciglit  (ft.  above  ground  level) 
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Hlbln7w 

789. 

3l 

CuL.Ji'^OjC)  Oi-J 

39h9B9N 

ft25344W 

612. 

bb 

u,^YTON  QH 

394 90 On 

8402onw 

926. 

7? 

T OlEl  0 CH 

413blbN 

834flir)w 

670. 

oO 

YvJUNGSTL.VU  oh 

41l52rtN 

804040^ 

1156. 

47 

Tinker  aFo  ok 

352b35N 

0972314 

1270. 

5l 

T o u j A J i\ 

361206N 

09b5328w 

642. 

30 

PukTLA.Ju  IMTL  OR 

45345bN 

1223612W 

23. 

5-3 

ERIE  Pa 

42nb00N 

fl01038w 

732. 

30 

HAKRISjuRo  pa 

401 324n 

76b239W 

494. 

29 

Philadelphia  pa 

39S232K 

7bl4nlW 

9. 

28 

PI TTSBjRGri  PA 

4029b3N 

8ni44nw 

1243. 

30 

wIlKlS  ljAKrt--  pa 

412009K 

75431 nw 

1037. 

47 

QuoimSE  r PT  R i 

413608N 

712440W 

10. 

23 

CHARLEbTON  EC 

32b42bN 

800225W 

45. 

55 

ORlEKViLLL  el 

34E059N 

822121W 

1007. 

47 

W (,0LU,v!&lA  EC 

33Sb58N 

81 07e0w 

236. 

60 

bluUX  FALLE  Sn 

43343ftM 

0q64497w 

1428. 

54 

m._CDA  TK 

3b4a29K 

fl3b9n5w 

989. 

bl 

BRlbTO_  riM 

362B22N 

82241  4»' 

1537. 

b5 

CHaTTA  jCOofl  TM 

35nlbbH 

851227W 

698. 

47 

TN 

35n3E4N 

0r957i 3W 

291. 

43 

NAbHVlL^r.  Tm 

3bn725N 

8840s2i*i 

597. 

b7 

AViA.RILl-o  Ty 

351341N 

lnl4235w 

3602. 

30 

AUi.TIN  TX 

301244N 

09739E4'v 

500. 

17 

ColLEY^ILLF  TY 

32S250N 

09707n7'V 

650. 

54 

Corpus  chkteti  tx 

?74  357i\i 

nq72348W 

32. 

4l 

Dallas  tx 

32b43bK 

0964501 V 

487. 

50 

UAuLAS  fX 

32S141K 

0P645n  1 w 

633. 

40 

DY:.bS  AFd  Ty 

322b0  0iJ 

0995080-' 

1753. 

30 

tL  PASD  Ta 

314H32K 

lfi52  1 38w 

3956. 

36 

FT.  wO.^TH  TV 

3??419W 

970244W 

5'26. 

30 

houjTO.j  tx 

2948400 

0951452/' 

42. 

9O 

LJ-}yOCi\  Ta 

3340nbi.j 

lOlbl 1 Ow 

3300. 

25 

i 


Table  A.l. 

(cont inued) 

iAIul-ANu  Fa 

31S74flN 

10211S0W 

2730. 

jO 

aAu  AN  1 JN 1 0 Tv 

?9.U2bN 

0982841 W 

805. 

5*5 

Hli_L  Afi  UT 

mnTlOf'J 

1118948^ 

4770. 

4:8 

SAuT  Lai<;c:  ctty  ut 

UDAbPON 

lllb833W 

4220. 

^■7 

bUKLlNoTOw  TNTL  VT 

442R00li 

7309nnw 

335. 

bO 

ChaNTIulY  VA 

3flS724N 

7727snM 

295. 

37 

NOKFOL.x  \/k 

36S344N 

781137W 

25. 

b5 

RUnMO  ^A 

3730iyN 

7719?8iv 

157. 

3? 

HumHOK^.  va 

371432N 

7958S8W 

1137. 

37 

KAIXCHILL)  '‘.PH  ivA 

473721N 

1 1739?7m 

2462. 

bb 

MC  v,hO!<i-'  /^pm  wa 

47(i819N 

122281SW 

420. 

2« 

SlATTLl.  rtA 

472707rj 

12218S0// 

406. 

bl 

H Ji'j  r IN  jl  ON  '\\l 

3B2227N 

H23402W 

844. 

3l 

CrlwALEbTON  mV 

382144N 

813b?3M 

982. 

bO 

GkwEN  :5m Y WT 

442435N 

880710^ 

d75  . 

90 

MAiJibON 

43na22N 

08920 18W 

862. 

30 

Mii_AAU<._L  WT 

428704N 

8753S2W 

667 . 

^rry  />' ' *M  1^’ r:  rpoY 

4.^  I i I i it  -M  .1^  — ^ 
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Table  A. 2.  ARSR  Listing  - 1974 


Location  (Lat , Long,  Ground  Level  (ft.  MSL), 
Sensor  Height  (ft.  above  ground  level) 


KAMEH  AL 

321ie38N 

OablOolW 

276. 

oO 

PHOENIX  AKSR 

33SH48N 

1114742W 

5239. 

b5 

KUSSELlVILlf,  AK 

352A00N 

092595n(A/ 

1093. 

72 

TEXARKANA  AFS  aK 

332717N 

09359b4vi/ 

367. 

45 

bOKON  CA 

350‘+5Sn 

1173453W 

2994. 

lc3 

HALF  MOON  bAY  CA 

3731A4N 

l«;22b3Sw 

1930. 

o2 

MT.  LAoUNA  aFS  CA 

32b^;33N 

ll624blK 

6269. 

o6 

Paso  RobLEs  ca 

352344N 

1202112W 

3625. 

66 

RREO  Bluff  afs  ca 

400B47N 

1221813W 

483. 

53 

SACRAMENTO  CA 

383314N 

12I  lb(j9w 

130. 

45 

SAN  PEuRO  mill  ca 

33444bN 

1182009W 

1480. 

bO 

DENVER  CO 

393b39N 

In44l3bw 

bl50 . 

55 

gkmnd  junction  Co 

39041ttN 

ln83327w 

9000. 

56 

ThINIDAU  ARbH  CO 

373230N 

1040020W 

5503. 

5^ 

KEY  wE:.T  Fl 

243501N 

8l411flW 

9. 

b5 

MAlDIL..  AFb  fl 

27S00SN 

d22a20W 

10. 

b6 

PA  TRIG  AFB  pL 

28l2bON 

0b03b58// 

10. 

52 

RICHMOND  AFb  Fl 

2b3^24N 

0b024iBW 

12. 

97 

TYNDaLl  AFb  Fl. 

30043DIM 

8b3b32w 

28. 

52 

whitehousl  fieldfl 

302U4SIM 

0dl522bW 

91. 

46 

ATuANTa  GA 

33b339N 

b429b5W 

1090. 

70 

VALDOSTA  Ga 

30b63lN 

0831249W 

325. 

50 

mShTON  iO 

443341i\| 

Ill2b36w 

9904. 

oO 

BOISE  iU 

432fc'40N 

llbOSoBrt 

8320. 

57 

CHICAGO  IL 

4l47bUN 

87bl29W 

615. 

111 

HANNa  CITY  aFS  IL 

404000N 

a945oOW 

650 . 

e5 

INOIaNaPOLis  In 

394446N 

8bl7o4W 

784. 

bO 

lagRaNoE  In 

4137b2N 

8524b3W 

979. 

no- 

W dRaNCm  1a 

414221N 

091l5(ibW 

aoo. 

48 

HUTCHINSON  aFS  KS 

37bb24N 

0975414W 

1536. 

b7 

Olathe  ks 

38b012N 

0^4541  3ia/ 

1055. 

90 

suoLette  ks 

373yb3N 

1 0052 Inw 

2940. 

58 

LYNCH  ^Y 

36b458N 

82532ftW 

4150. 

1 l)6 

ALcXANjRIA  la 

31 lb53N 

0923141W 

89. 

78 

NE«  ORlEANS  la 

302050n 

0d94bb0w 

28. 

75 

BUCKS  hARoON  ml 

443741N 

b72344W 

221. 

U8 

FT  HEATH  Ma 

422321N 

7U5811W 

60. 

9*^ 

SDITLAijD  Mu 

38bll4N 

7b5b22A/ 

285. 

bP 

DETROIT  MI 

42  ib3bN 

d32b27w 

o83 . 

77 

EFiPIRE  afs  Ml 

444807n 

8o03o3w 

1003. 

56 

MINNEAPOLIS  MN 

444blON 

0931338* 

1110. 

n'’ 

1 T 


r-^xi 

■wW . • 


Table  A. 2 (continued) 


bYriALlA  Mb 

34bl0ttN 

Oa^AbbbW 

390. 

33. 

MObCOW  MS 

324«J08N 

8b5040W 

667. 

e5. 

UKIRKSViLut  AFb  MO 

4017S2n 

0923431W 

9B2. 

bO . 

ST  LOUIS  Mo 

384d04N 

0902326/1/ 

706. 

d*^. 

KALlSPiiLL  MT 

480041N 

1142l49w/ 

6785. 

4O . 

MAuMSTROM  At-b  MT 

470007N 

1111209/V 

3b25 . 

71 . 

hastinos  IJt 

40344bN 

981720ia; 

1900. 

b8 . 

NO  PLATTE  UE 

404V5ttN 

1004452W 

3161. 

o3 . 

OMAHA  Nt 

412137N 

09b0l30W 

1305. 

b 1 . 

AN6EL  PLAK  NV 

3bl907N 

llb3430W 

8865. 

b^* 

battle  mountain  NV 

402411N 

1 1d5202w 

9601. 

125. 

FAlLON  AFS  MV 

392420im 

ll843lbW 

3926. 

loa. 

TonOPAii  NV 

3aob30N 

Il711b8/i/ 

7200. 

1^0. 

elaOod  city  NJ 

393bl9N 

744lb6W 

119. 

b5  • 

Ai-bUQUcRQUE  NM 

350417N 

106b4l2W 

5933. 

30 . 

GAuLUP  AHSk  NM 

36043Sn 

1085136^ 

9373. 

72. 

MEijA  RICA  nM 

36141 7n 

1041214W 

5373. 

p?. 

silver  city  WM 

32470UN 

luaiboow 

7o20. 

b8  • 

DAnSVILLL  NY 

42381bN 

7/'3914»; 

2027. 

o5. 

NEa  VOkK  ImY 

40394bN 

/34048W 

10. 

no. 

SARATO'jA  bPR  AFSNf 

430037N 

7340b7W 

b05 . 

72. 

BLnSON  nc 

353031JN 

783330W 

282. 

08 . 

MAIDEN  :iC 

353b42N 

dll424w 

389. 

77. 

brc-Cksville  oh 

411B06N 

814103a 

1247. 

ll'i. 

LONDON  OH 

39S04SN 

b32848w 

1086. 

118. 

OKLAHOMA  City  ok 

35a402N 

0973711W 

1284. 

b9. 

Oklahoma  city  af^ 

35240bN 

0y72l33A 

1331. 

7*^. 

KtNO  AFS  op 

420410N 

1215815W 

obOO . 

42. 

SAlEM  or 

44S524N 

1233424W 

3740. 

70. 

BENTON  AFb  PA 

41212bN 

76l73bw/ 

2381. 

Oakdale  ad  site  pa 

4023nDN 

b0092bA 

1270. 

1^0. 

TplVoSe  pa 

400BOSN 

745914W 

200. 

AIKEN  AFS  SC 

333b47lN| 

0dl4037W 

530. 

72. 

JEDbuRo  SC 

33U412N 

801314W 

50. 

p3. 

GuTTSBuRG  AFb  SD 

450303N 

099b720W 

2400. 

I2O. 

JOlLTOn  tn 

3620  ION 

db5l40W 

846. 

72. 

AMARILLO  AFH  TX 

351448N 

10l39lPw 

3618. 

4 0. 

EL  PASO  TX 

31‘+0b3N 

lObllbOW 

4019. 

9O  • 

FT  WORTH  Tx 

32bb40N 

Oy 71312W 

684. 

70. 

HOUSTON  TX 

2937lbN 

Uybl021w 

42. 

lufl* 

odlSsa  tx 

32331bN 

1022545w 

3117. 

v3  • 

OIlToN  tx 

2729bbN 

OydbSoSW 

880. 

ijO » 

r 


Table  A. 2.  (continued) 


bAN  ANTONIO  TX  29ij30faN 
CEOAR  Clir  ijT  373b36N 
SALT  LAKE  CITY  UT  41o20lN 
ttEDFORj  AFs  VA  373102N 

cape  Charles  afsva  370802^ 

MICA  PEAK  AFS  wA  473426N 
SEATTLE  WA  47.5922N 
HOKICON  Wl  43£i64oN 
LOy/ELL  ivY  444900N 
LUSK  W(  423b35lNl 
ROv-K  SpRIt^eS  WY  4l2t>0bN 


09B3800W 

784. 

33 

1125144W 

10691. 

b3 

1115016W 

9515. 

70 

793039W 

4226. 

46 

7b57o4W 

9. 

llO 

1170450W 

5205. 

42 

1222443W 

355. 

lu5 

d82930W 

1188. 

78 

1075406'v 

9557. 

t>6 

1043515* 

6100. 

40 

l090700w 

8663. 

6*5 

1! 


Table  A. 3.  Proposed  ASR  Listing 


Location  (Lat,  Long,  Ground  Level  (ft.  MSL) , 


Sensor 

Height  (ft. 

above  ground 

level) 

buIMAN  AL 

01iyuUi„ 

UBb2  /(jOrt 

AOO. 

bO . 

tLAGSTAFF 

dbUbOOu 

iilAUUOW 

7012. 

bO. 

PRtSCOTT  MjnI  mZ 

omzosJN 

ii2Ab27W 

5042. 

bO. 

FAYETT£VILLt  AK 

Ob^DdyN 

Uy4Ubl9rt 

1361. 

bO. 

FT  SMITH  Muiji  Mrt 

dbZOUUiM 

Uy42Z00rt 

468. 

bO . 

HOT  SPrilHGb  AH 

4b<iyu(JiM 

uydUboOw 

b35. 

bO . 

TEXARKANA  APb  Ak 

/UUN 

uydbygOw 

3a9. 

bO . 

AHCATACA 

AODyOUN 

iLAUboO.V 

216. 

bO. 

dAKERSFIEuL)  Ca 

Ob£;bOUN 

iiyudouw 

491. 

bO. 

CniCO  MUNi  CA 

i2ibU46W 

238. 

bO . 

EL  CENTRO  naF  Cm 

bZ4bb7ig 

iibAU14w 

43. 

bO . 1 

Palm  SPRINo  mu, a 

bO-jUUOig 

1 iodUoO A 

448. 

bU. 

REuDINo  Ca 

40bU17tg 

izzi  /2bW 

bOO. 

bO. 

/ANTA  BARuara  i-lUNI 

SAZbOUN 

il9bU0Uw 

10. 

bO . 

bTOCKToN  LA 

d7b4UUig 

iZilboOw 

29. 

bU . 

ASPEN  CO 

b9ibUUN 

iUbb2u0w 

7793. 

bO . 

OURAfjGO  CU 

d 7uyUUN 

iU  /AbuUW 

6684. 

bO . 

(jRAi'iD  jUilCflON  Cu 

dyu /OUN 

lubdluOW 

*+867. 

bU . 

PUEJLO  MEM  CO 

dSl /UUN 

iUAdUuUrt 

4725. 

bO . 

oRiO^jEpORT  CT 

AliUOON 

7duaoow 

9. 

bO. 

wIlMINJTON  ijc. 

dVAlUUN 

/bdbuUtV 

79. 

bU . 

uAYTONA  Black  Fl 

ZyiiUUig 

UolUdQOW 

34. 

bO . 

FT  MYERS  Fl 

ZojbUUiN 

UolbZOUW 

18. 

bO . 

MEloOUkNE  hL 

ZBgoUUN 

UoUdBuOW 

32. 

bU . 

PANAMA  CITr  PL 

dOldUUN 

UfctbAloOw 

20. 

bO. 

SARASOTA  bRAuENlON 

iJ7P4UUi\( 

UoddduOW 

27. 

bO . 

TALLAHASSEl  MUiaPL 

dU^AUUN 

UaA2iOUw 

Bl. 

bU. 

TITUSVILLl  hL 

ZBdiOUN 

UbUAauow 

35. 

50. 

AudANY  GA 

dlddUUN 

aA12U0 A 

196. 

bO. 

AJoJSTa  GA 

dd^bUUiM 

uaauzuo.v 

424. 

bU . 

bOlSE  aIR  TtHM  Lu 

AJJAOUN 

iiOlAOOrt 

2858. 

bO. 

liJAHO  FALL:s  ID 

AddiUUN 

J-i20AuOW 

4740. 

bO. 

UEkvISTON  PlrlE  lU 

Afa^JOUig 

11 /UIuUr 

1438. 

50. 

POCATElLO  muni  lU 

42bbUUN 

iizdboOrt 

4448. 

bO . 

CriAMf^AlGN  iL 

AOUdUUN 

aai /uuw 

754. 

bU . 

UECATUR  IL 

dybUUUN 

aabzoOiN 

679. 

bU. 

QUINCY  MUNI  IL 

d9boOUN 

ugiizuow 

769. 

bO  • 

DCOOMlNGTOi'i  IN 

d9UbOUN 

add  /QUrt 

847. 

50. 

EVaNSVILLE  in 

dBOdOUig 

a /32oOw 

418. 

50. 

LAFAYETTE  ii>l 

AO^bOUN 

bfabb(j0w 

60b. 

50. 

bUKLINGTON  Ia 

aOa  /UUI'j 

uyio  /uuw 

697. 

5O . 

UUb'JQUE  MUiji  lA 

A22A0bN 

UyUAiiJiig, 

10/6. 

50 . 

LEXINGTON  IA 

dSOdUUN 

dAdbOUW 

979. 

5O . 

WATERLOO  MuNi  iA 

A2bdOUN 

U922A00W 

8 TO. 

50 . 

liberal  muni  Kb 

d70dAUN 

i UUbai  btv 

2887. 

bO. 

TOPEKA  KS 

dyuAUUN 

uybd  /uu W 

880. 

bO.  ! 

PAUiJCAH  KY 

d7uA00N 

daAoyOw 

410. 

50.  1 

L3lER  FIELu  la 

dli^obUN 

Uy21919yv 

108. 

bO  • 1 

LAFAYETTE  La 

dUidUUig 

UyPOUuOX 

42. 

bU . , 

Larl  Charles  La 

dUu  /UUN 

uybldQUR 

16. 

50. 

MONROE  LA 

d2dUUU,g 

U92ULU0rt 

/9. 

50.  ) 

bANGOR  IiITl  me 

AAaoUUN 

ObdbUoOW 

192. 

bO. 

PORTlAi>(U  Mh 

4X  lydOi., 

/u  1 d 1 1 ()  A 

74. 

bU . ' 

i 
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nrrr  r- " “ 

uDl 


L 
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bAKNSTABUt  mONI  )“iA 

lotlu  A. 3. 

AijS'bUN 

(coiuNnueii) 

?U1  7(j3w 

b2. 

50. 

NANTUCKtT  lAtM  i^A 

El IcbLN 

E .1-  E U i j f 

7uej.36»ii 

47. 

60* 

TEWKSbURY  MA 

? ibbijOW 

1009. 

bO . 

TORCHES  TER  MoUi  MA 

**■  2 i '^2  7l  1 

7i‘b2b6w 

1009. 

50. 

bATTLE  CREt_^  Mi 

o\j1  bOO.V 

941. 

50. 

bEUtON  MARuOR  I'li 

AF.0«0'ji.i 

Oo2b0UV; 

643. 

50. 

KALAMAZOO  Ml 
ivUSKEGOi-l  Ml 

42.iFUtMM 

6b3300A 

674. 

50. 

‘<.3.1  UOON 

Ebl400i(V 

628. 

50. 

EULUTH  liilL  '‘iN 

'-tt)bC  I'R 

KjOw 

1429. 

50. 

GUl-FPORT  Cri‘j 

siCtiLC'Ui'i 

u 0 y tl  4 0 0 A 

28. 

50. 

bPRINGFlEu-L;  MO 

.n/ JL  SOON 

U^bi’DitOW 

1267. 

50. 

HELENA  mt 

illbDtiO'A 

3673. 

50. 

MIbbOULA  Mr 

Eout'vJON 

F 1 4 (j  b 0 0 A 

3201. 

bU. 

GRAND  IbLA.ij  Nc. 

A(j  bb  G Oi'i 

U9biyu0rt 

1846. 

dU. 

KEARNEY  MU.Jl  Ni_ 

E U ■+  0 ..1  i‘  I'J 

i.yynui7w 

2130. 

50. 

KEt-NE  Nh 

/EII^uOa 

467. 

50. 

LEbANOivi  Kt-oiONAuRH 

‘+540441.4 

721Ld9W 

1243. 

50. 

manchestek  |,H 

THtiliTOi,!  NJ 

4E“bO'U  0i4 

/ I^euUa' 

233. 

50. 

4Ui  I'OUR 

744000^ 

213. 

50. 

EuMIr^A  NY 

4ti 0 0 C'  .'1 

)'bi)4tj  0 rt 

980. 

50. 

IbuIP  in 

404£'OOR 

.■oUfaljl'A 

98. 

50. 

ROS'iVELL.  II^uFL  i'ii''i 

i jlbUuiM 

A ,j4  -itiOO  A 

3669 . 

50. 

jANTA  FE  LO  MUNiRM 

.5b32.:’Di.) 

lUoUbb^A 

o344. 

50. 

HILKOkr  NO 

5b4  4'JUiv 

b 1 2 b 1 ,1 0 A 

1169. 

50. 

NEw  BERii  Ni, 

5 b ij  "J  U o 1 . 

/ / I)  4 (J  0 A 

19. 

50. 

ROCKY  ,-iUUiJ|'  MUiURC 

•bbbbboR 

7 ^4£'14a 

97. 

50. 

wIlMIN j 1 Oi'i  (.(I- 
WIlFjTO  5L>1  AF'b  RC 

54 

? /b4u0 A 

31 . 

5O. 

.3oi)JUUr 

UO  L.3‘jOA 

969. 

50. 

blbMARCK  Muui  ij'j 

Ed4  I 0 Ul+ 

.Mju4bO'JiV 

16/7. 

50. 

Mli-iOT  INTi-  iiu 

4 B i j J /|4 

luir/i^A 

1715. 

50. 

GKaND  Fi<.b  li.(TL  RU 

4 7“,  /OUu 

9 / 1 i 0 0 £i 

0 9 Cl  i.1 1 0 b A 

644. 
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Table  A. 4.  Proposed  ARSR  Listing 

Location  (Lat , Long,  Ground  Level  (ft.  MSL) 
Sensor  Height  (ft.  above  ground  level) 
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Table  A. 5.  Coverage  Map  Listing  and  Parameters 


;ure  Number 

Sensor  Type 

MSL  Altitude 
(thousands  of  feet) 

Maximum 

Range* 

(nmi) 

A. 5 

ASR 

20 

100 

A.  6 

ASR 

20 

60 

A. 7 

ASR 

15 

>133 

A. 8 

ASR 

15 

100 

A. 9 

ASR 

15 

60 

A. 10 

ASR 

10 

100 

A. 11 

ASR 

10 

60 

A. 12 

ASR 

5 

> 71 

A. 13 

ASR 

5 

60 

A.  14 

ASR 

3 

> 52 

A. 15 

ARSR 

20 

>156 

A. 16 

ARSR 

20 

150 

A. 17 

ARSR 

20 

100 

A. 18 

ARSR 

15 

>133 

A. 19 

ARSR 

15 

100 

A. 20 

ARSR 

10 

106 

A. 21 

ARSR 

10 

100 

A.  22 

ARSR 

5 

> 71 

A. 23 

Proposed  ASR 

20 

100 

A. 24 

Proposed  ASR 

20 

60 

A. 25 

Proposed  ASR 

15 

>133 

A. 26 

Proposed  ASR 

15 

100 

A. 27 

Proposed  ASR 

15 

60 

A. 28 

Proposed  ASR 

10 

100 

A. 29 

Proposed  ASR 

10 

60 

A.  30 

Proposed  ASR 

5 

> 71 

A. 31 

Proposed  ASR 

5 

60 

A. 32 

Proposed  ASR 

3 

> 52 

A. 33 

Proposed  ARSR 

20 

>156 

A.  34 

Proposed  ARSR 

20 

150 

A. 35 

Proposed  ARSR 

20 

100 

A. 36 

Proposed  ARSR 

15 

^133 

A. 37 

Proposed  ARSR 

15 

100 

A.  38 

Proposed  ARSR 

10 

>106 

A. 39 

Proposed  ARSR 

10 

100 

A. 40 

Proposed  ARSR 

5 

> 71 

Coverage  maps  for  ranges  greater  tlian  values  preceded  by  would  be  identical. 

(Due  to  earth  curvature;  see  Section  2.1  and  Fig.  2.3  for  further  explanation.) 
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Fi^.  A.ll.  ASR  composite-  cover/iRt-  map,  10,000  ft.  MSI.,  maximum  range 

R = 00  nm  i . 
max 
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ASR  ronposite  rovor.ige  map 


Fi>’.  A.IA.  ASR  composite  coverage  map,  3,000  ft.  MSL,  maximum  range 
R > 52  nmi. 
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20.  ARSR  composite  coverage  map 
1 nb  nm i . 
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Kin-  A. 21.  AKSR  i-nnipi's  i I f rovcragc  map.  If), 000  ft.  MSI.,  maximum  raiiRu 
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ARSK  composite  coverage  map,  5,000  ft.  MSI.,  maximum  range 
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Proposed  ASR  composite  coverage  map,  20,000  ft.  MSL,  maximum 
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Proposfd  ASK  coinpos i Lt-  cover.igo  m.jp , 15,000  ft.  MSI,,  maximum 
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ASR  composite  coverage  map,  15,000  ft.  MSL,  maximum 
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oposed  ASR  composite  ruvorage  map. 
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Proposed  ARSR  composite  coverage  map,  20,000  ft.  MSI.,  maximum 
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Fif;.  A. 37.  F'roposed  ARSK  composite  coverage  map,  15,00(1  ft.  MSL,  maximum 

range  R = 100  nmi. 
max 
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